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福建九龙江口红树植物不同部位 Cr、Cu、Zn、Cd、Pb、Hg 6 种重金属的含量，
分析了木麻黄群落和红树植物群落对海岸带重金属的吸收与削减作用。根据野外
研究结果，采用水培法研究了不同浓度 Hg 胁迫对秋茄（Kandelia obovata）幼苗
生理生态和叶肉细胞超微结构的影响；利用化学试剂逐步提取法分析了 Hg 胁迫
下秋茄幼苗细胞内 Hg 的化学形态以及秋茄幼苗各部位的 Hg 含量，以求探讨秋





数略小于 1 外，三个地域的木麻黄对 Cr、Cu、Zn、Cd 的富集系数均大于 1。三
地木麻黄根中 Zn、Cd 元素含量均显著正相关。东山木麻黄小枝和根对 Cu 和 Zn
的富集系数、惠安木麻黄对 Cr、Zn 的富集系数以及平潭小枝对 Cr 和 Pb、根对
Zn 的富集系数均与林龄显著正相关。 
2. 三地木麻黄林现存生物量中，Cr、Cu、Zn、Cd、Pb 和 Hg 的现存储量分
别为 3.06~3.46 kg·hm-2、1.14~1.57 kg·hm-2、11.67~12.57 kg·hm-2、0.05~0.09 kg·hm-2、
0.45~1.84 kg·hm






-1 和 0.66~2.96μg·g-1。Zn、Cr、Cu、Pb、Hg、Cd 在桐花树不同器




























Hg 浓度的增加先升高后降低。高浓度的 Hg 对秋茄叶细胞的叶绿体和线粒体具
有不可逆转的破坏作用，并且随 Hg 浓度的增加，破坏作用越来越明显。 
5. 秋茄幼苗叶片中 Hg 以去离子水、残渣态、乙醇和氯化钠 4 种提取态为
主。其中去离子水提取态 Hg 的平均含量最高，水溶态的有机配位体在 Hg 的亚
细胞分布中可能起关键作用。而根中的 Hg 主要为活性较高的盐酸提取态，残渣
态次之，两者之和平均占总量的 79.4%，其它 4 种提取态 Hg 含量相对较低。根
中活性较强的 Hg 有利于向其他部位转移以尽可能减少其在根中的积累，而活性
较低的Hg的存在是秋茄根部富集汞的原因之一，以减少Hg对其它部位的伤害，
它们相互作用是秋茄对 Hg 的耐性表现。 
随着 Hg 胁迫浓度的增大，各处理组秋茄各部位的 Hg 含量也显著增加。对
照组、Hg 胁迫浓度为 0.2ppm、1ppm 时，秋茄各部位含量大小为根>叶>茎，10ppm、
50ppm 时根>茎>叶。表明秋茄叶片可以从环境中吸收一定的 Hg，根是秋茄幼苗



















Casuarina equisetifolia and mangroves are the main afforestation species along 
the coast of Fujian, China.  The aim of this study is to reduce heavy metal pollution 
of the coastal zone, protect and develop the coastal shelterbelt rationally, and give full 
play to their ecological and economic benefits. By determining the content of heavy 
metals(Cr, Cu, Zn, Cd, Pb, Hg) of Casuarina equisetifolia in different areas of Fujian 
and mangroves from Fujian Jiulong River estuary, absorption and reduction of heavy 
metals by Casuarina equisetifolia and mangroves were analyzed. In order to discuss 
tolerance mechanism of Hg in Kandelia obovata, Kandelia obovata were cultivated in 
water and treated with different concentrations of mercury. The influence of different 
mercury contents on ecophysiological properties, mercury content of Kandelia 
obovata organs and ultrastructure of mesophyll cells of Kandelia obovata seedlings 
were studied. Sequential chemical extraction method was also used to study the 
subcellular distribution and the chemical forms of heavy metals in the leaves. The 
main results are as follows: 
1. Soil heavy metal content of Casuarina equisetifolia forest in Dongshan, 
Huian, Pingtan were lower than background values of soil heavy metal content of 
Fujian province and Fujian coastal zone. Casuarina equisetifolia shelterbelt showed 
no soil pollution. Heavy metal content of Casuarina equisetifolia in three areas were 
all higher than the normal region of plant. The heavy metal content of the root was 
significantly higher than the other parts, and bioaccumulation coefficient (BCF) of 
root was also the highest in Casuarina equisetifolia. In addition to the branchlet on Cr 
in Huian, BCF of Cr, Cu, Zn, Cd were greater than 1. There was a significant positive 
correlation between content of Zn and Cd in Casuarina equisetifolia root. Similarly, 
BCF of branchlet and root of Dongshan Casuarina equisetifolia on Cu, Zn, Huian on 
Cr, Zn,  branchlet of Pingtan on Cr, Pb, root on Zn were all had a significant positive 
correlation with stand age. 
2. According to the existing biomass of Casuarina equisetifolia shelterbelt, 
existing reserves of Cr, Cu, Zn, Cd, Pb and Hg were calculated. Existing reserves of 
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3. There were differences for content of heavy metals in different parts of 
mangroves. Mangrove root was a main organ for heavy metal accumulating. Ranges of 




























Kandelia obovata community, total reserves of the 6 kind of heavy metals was 5.83 
kg·hm
-2













). Most mercury was in the stem 
of Kandelia obovata, but the 5 kind of heavy metals were mostly reserved in the root, 
and followed by the stem. There was only a tiny part of heavy metals in the stems and 

















4. With the increase of stress time concentration, photosynthesis of the 
Kandelia obovata leaves was significantly inhibited under Hg stress, and the limiting 
factor may not be stoma. Fv/Fm in the third and fifth days, content of chlorophyll, 
soluble sugar, proline and malondialdehyde were increased firstly and then decreased 
with concentration of Hg heading up. There was irreversible damage for chloroplasts 
and mitochondria in leaf cells of Kandelia obovata, and the damage was more and 
more obvious. 
5. The main forms of Hg in leaves of Kandelia obovata were water-extractable, 
residual, ethanol-extractable and NaCl-extractable forms. Content of Hg existed as 
water-extractable was the highest, which indicated that water soluble state of organic 
ligand may played a key role in the subcellular distribution of Hg. Hg in the root was 
predominated with HCl-extractable, the second is residual. Higher active chemical 
form of Hg in root was in favor of transfer of Hg to other parts in Kandelia obovata, 
so that it could reduce Hg accumulation in root. Existence of the lower active 
chemical form of Hg was an important reason for the storage of Hg in the root, which 
could reduce damage of other parts. Resistance of Kandelia obovata to mercury was 
revealed under their interaction. 
With the increase of Hg stress concentration, Hg content of each part of Kandelia 
obovata also significantly arised. In the CK group, 0.2ppm, 1ppm stress group,  















10 and 50ppm, the content of the heavy metals in Kandelia obovata was ranked from 
high to low as root>stem >leaf. The results indicated that levees of Kandelia obovata 
could absorbed a certain amount of Hg from the environment, root was the main part 
for Hg enrichment of Kandelia obovata.  
 














Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
